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TO 

DR. WILLIAM RITCHIE, M.A. F.R.S. 

&C. 

PROFESSOR OF NATURAL PHILOSOPHY 

IN THE 

LONDON UNIVERSITY. 



Dear Sir, 

I venture to inscribe these few pages to you, as the memorial 
of friendship, and remembrancer of" auld lang syne." 

Though lapse of years may change our circumstances, and 
dislocate our relations in life, there still remains a community of 
interests among the individual members of the republic of Science ; 
and, cherishing, as we mutually do, the fond hope that her domain 
may be extended far and wide, and her influence felt and acknow- 
ledged, permit me to prefer the sincere wish that your contribu- 
tions and researches may be appreciated as they deserve. Wish- 
ing you every success in this peaceful field of enterprize, where 
the victor's wreath is pure and spotless, 

I remain. 

Dear Sir, 

Faithfully and obediently yours, 

THE AUTHOR. 
13th February, 1833. 



DESCRIPTION OF THE PLATE. 



Fiprure 1.— Sir Humphry Davy's Safety Lamp, as it is commonly employed 
by the miner. 

2.— The same Safety Lamp, with Mr. Ellis's plano-convex lens, and 
supplied with a cylinder of talc, exterior to the wire gauze, leaving 
a space for the lens ; the lower edge of the cylinder being half an 
inch above the inferior rim of the wire gauze, and extending 
nearly to the summit of the cage. 

3.— 'Murray's Safety Lamp, founded on the principle that tiie products 
of combustion disarm an explosive mixture of fire damp and 
atmospheric air. 

4.— Murray's Safety Lamp, the first mechanical invention ever pro- 
posed for this purpose, June, 1815. Its safety depends on the in- 
ferior specific gravity of the Hydrocarbonate, or fire damp of 
mines, compared with atmospheric air. 

5,— Exhibits the structure and phenomena of flame, proving that it is a 
superficial film, and its interior filled up with inflammable vapour. 



ADVERTISEMENT. 



It id presumed that there can be no hann in preferring a claim 
to what belongs to me, but my chief purpose at present is to disa* 
buse the public mind as to the views I have uniformly entertained 
on the Phenomena of Flame and Safety Lamps, and the share I have 
had in this question. As far as I am personally concerned, I 
should not have troubled the waters of forgetfulness, but I re- 
flected, that haply much truth might be surrendered tamely to 
the authority of a name. Those who think by proxy are not 
merely cyphers as to the amount of usefulness, but become mis- 
chievous in sanctioning and perpetuating a spurious currency. If 
I have fearlessly scrutinized the view sustained by Sir H. Davy, as 
to flame, and his theory of the wire gauze safety lamp, it is in the 
spirit of the advocacy of truth,— of one humbly contending for her 
rights. That Sir Humphry Davy did much for science, I would 
be the very last to dispute — ^that he adorned the age in which he 
lived, it is in vain to deny : his whole life, indeed, was one suc- 
cessful chain of brilliant discovery. Still, let us not forget, in this 
estimate of his worth and talent, that no individual in the circle of 
the sciences, or history of philosophy, possessed such imperial re- 
sources ; unlimited means, and every encouragement and facility 
that mind could hope for, or its anxieties express, were at the 
Philosopher's disposal, and obedient to his nod ; — that he used 
these advantages, with an ingenious dexterity, and to good pur- 
pose, the annals of Science amply testify. What I am anxious to 
substantiate is, that his opinions, though justly entitled to respect 
from all, should not be received as infallible in every case, df irre- 
versible, like the laws of the Medes and Persians. Such a sub- 
missive spirit more assimilates to the prostration of the mind at the 
shrine of some Pagan Idol, than seems characteristic of those who 
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acknowledge the axioms of inductive truth propounded hy Lord 
Bacon— our illustrious pioneer. We are in some danger of being 
blinded by the dazzling blaze of our fellows, when they stand 
proudly pre-eminent above us, while fame wreaths her coronal 
and the acclaim of her trump is echoed in the hosannas of 
the multitude. We do well to distrust ourselves under such bewil- 
dering circumstances ; and withdrawing from the brilliant focus, 
look abroad over the numerous luminous points that sparkle 
here and there in the hemisphere of mind, though struggling with 
almost overwhehning difficulties. 

I have been often taunted with a too pliant and easy spirit, in 
permitting, unchallenged, so many to take advantage of the fruits of 
my researches, spreading over a period of nearly fifteen years — 
borrowed plumes, which their possessors have not the courtesy to 
acknowledge. I do not envy patentees and their precarious pos- 
session : — totU au contrmrcy and the confession may be easily be- 
lieved. With all the allowances, however, which charity may be 
disposed to make, I cannot help fearing that the omission has, in 
some cases at least, had its root and origin in the belief that their 
author was forgotteii, or consigned to ^' that bourn whence no tra- 
veller returns." 

Paramount, however, to every other consideration is the hope 
that my present remarks may lead to the re-consideration of the 
subject, and eventually conduct to improvements in Sir Humphry 
Davy's Safety Lamp, by which its safety may be enhanced, if not 
made absolute, and its light materially improved. Let us remember 
that accidents in coal mines are fearfully on the increase, not only 
in frequency of occurrence, but in the amount of their victims. 
It becomes therefore a question of deep interest, how far such an 
increase is fairly attributable to a supposed perfectibility, a tacit, 
unchallenged acquiescence in the principles which have been 
assumed to account for the invention of the late Sir H. Davy. 
The Thousands who have witnessed my numerous and diversified 
experiments, have almost invariably admitted them to be conclu- 
sive against the views advocated by Davy and others. I may be 
mistaken ; — some strange hallucination may have taken possession 
of my mind, — ^but / at least, pretend to no infallibility. Let me 
be convinced by the stubborn facts of experiment, and I resign 
my views and o^iinions without a sigh ; while bare assertion, with- 
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out such evidence, will weigh with me as little as a feather in th« 
balance. 

I had been for many years engaged in, unfortunately, the more 
abtruse researches of Chemical Science, but, differing as I did, in 
opinion, on the question now submitted, from certain individuals, 
and finding consequently a settled determination either to overlook 
or not award what belonged to me, and was hardly won, I aban- 
doned the field in disgust, and thenceforth confined my exertions to 
the application of facts and principles to useful purposes in the eco- 
nomy of life— a task more pleasing to me than to be compelled to 
surrender the convictions of truth as the price of admission into the 
coteries of sect or party. — Even in the republic of science, where 
all should " live like brothers," there is, it must be confessed, an 
unhappy party spirit afloat, as virulent as any that mingles in 
the stormy region of politics. — " Ex uno disce omnes" — ^the al- 
leged *^ decline of science" in England, in which as the dramatis 
persoruBf we observe Messrs. Babbage and Brewster in array 
versus Messrs. Faradat, Daniell, and Jameson, while Van 
MoNS, a continental philosopher, steps forward to shew that 
science has not declined in Great Britain, but that there is an evi- 
dent declension on the continent of Europe. 



PRACTICAL OBSERVATIONS, &c. 



The structure and phenomena of flame are interesting and 
beautiful, and the transit from darkness to light impressive. It is 
only because the spectacle and the transition are common, tliat 
they fail to charm or surprise. 

In its form, flame assumes a corneal shape, and is always nprigfat 
or vertical, its spire is in incessant motion, waving to and fro, or 
shooting upwards ; the more luminous portion appears encased by 
a dilute envelope, which however seems to possess, from its 
inunediate contact with the surrounding atmosph^e, more intense 
powers of temperature than the portion of flame it covers. Some- 
times the eicterior flame is beautifully tinged with colour ; it is blue 
in the flame of sulpkuret of carbon^ which is changed into a fine 
rose colour, as is the case in that of sulphur, when immersed 
into nitrous oxyde. Flame is conunonly white, more or less intense* 
Sometimes it is monochromatic, or of one colour ; for instance, Mue 
in the flames of cyanogene, carlxHiic oxyde, and hydrocarbonie 
oxyde, and green in a combination of equal parts of hydrogene 
and nitrous gas. Occasionally flame is party-coloured. 

Flame in the conunon candle presents several interesting fea- 
tures besides those enumerated. It exhibits, beneath, a blue 
crescent figure with its concave sur&ce upwards, and it is doubt- 
fiil whether the luminous cone is in actual contact with the base 
on which it seems to repose, or from which it appears to spring. 
The inflammable matter, whether tallow, spermaceti, or wax, being 
melted by its nearness to the source of heat, ascends, in virtne 
of capillary attraction, by the fibres of the wick, where it is 
converted into inflammable vapour. In this manner is the flame led 



and preserved in continuity. The wick serves the mere purpose of 
a ladder of ascent into the interior of the cone. So far as the 
wick is encompassed by the flame it is dark and carbonaceous, 
and only becomes ignited when brought in contact with the thin 
and dilute veil which mantles the more luminous portion of the 
flame; this may be effected by the flame being agitated, or the 
wick suffered to gain an ascendancy by its length. The melted 
inflammable matter, after its ascent, may be sometimes seen to 
boil on the surface of the wick, — ^minute bubbles of gaseous matter 
appearing to invest it. If the wick be cropped too low, the melted 
matter cups, or forms a basin which at length overflows: the^ 
reason of this is, that tihere is not a sufficient length of wick to pro- 
mote its entire vaporization as fast as it is melted and can be 
supplied from beneath, the flame is, therefore, proportionally 
diminutive. On the other hand, when the wick is permitted to 
gain an unusual length, the expenditure of the inflammable material 
is so great as to be a consideration of some moment to the econo- 
mist ; besides, it does not peld a proportional degree of light, — 
on the contrary, the light is diminished by the excess of inflammable 
matter being more than can undergo a perfect combustion ; fuliginous 
matter will consequently interfere, and reduce its amount of illu- 
mination. We believe this to be the true solution of the case, and 
should consider it superfluous to enter upon a confutation of some 
strange and wild reveries embodied in the article " Chemistry," 
forming one of the volimies of Dr. Lardner's Cabinet Cyclopaedia, 
which acknowledges Mr. Donovan as its author. When we read 
the startling position of the toick cooUng the flame by radiation, or 
in other words a cooling process going on in the centre of flame ! 
**the decline of science" forcibly rushed on the imagination, and 
we thought this might be cited in proof that we are retrogradii^ 
to the days of Alkemy. Still the morale is instructive, and shews 
how often common sense is surrendered at discretion to pre- 
conceived hjrpoiheses and opinions. It is of importance to observe 
tiiat flame, by a statical law, ever tends upwards.* The higher por- 

* Attfcntion to this circumstance might be the means of preventing many a 
fatal issue when females' clothes accidentally take fire. Let the individual be 
instantly thrown down on the floor, and the flames are a« immediately subdued. 
A few moments in an upright position are so many moments of imminent peril, 
which is rendered almost certainly fatal, if the individual endeavours to make an 



tion of the flame is more dense and opaque than the lower region, not, 
however, from any cooling virtue possessed by the wiek, for it is 
the same in flames tviihout wicks, but from its greater aggr^;atiQn 
towards the summit of the cone, or more perfect combustion, as 
its temperature will be there found much higher. Through the 
lower portion of flame, from the attenuation referred to, we may 
easily read print or MS. ; but it is accomplished with difficulty, if 
at all, through the higher section. 

Sir Humphry Davy assumed that flame, in all cases, was 
inflammable vapour or gaseous matter, possessing a temperature 
above the white heat of solid bodies. By a white heat is to be 
understood the maximum temperature that any solid body whatever 
can exhibit. Flame must, on this supposition, in every instance, 
and under every circumstance, be considered as &r exalted above 
the highest temperature of solid bodies. The axiom, indeed, 
deduced by Dr. Ure from Sir Humphry Davy's sentiments, is 
this — "the temperature of flame is mfinitefy higher than that 
necessary for the ignition of solid bodies," and "that to a d^ree 
beyond the white heat of solid bodies." These are the ipsissima 
verbuy and are quoted to show that I do not misrepresent the 
matter. The following is an inference resulting from this doctrine 
of flame. " Phofi^horus, which rises in vapour at common tem- 
peratures, and the vapour of which combines with oxygene, at 
those temperatures, is always luminous, for each particle of acid 
formed, tbere is every reason to believe, must be white hotP* 
This is either truly alkemical, or not very intelligible. The posi- 
tion has novelty, but is nevertheless one which may be easily sup- 
posed to give rise to no ordinary share of scepticism in minds of 
plain understanding, and who do not profess to be adepts in these 
mysteries. The luminous matter which accompanies the slow 
combustion of phosphorus, mb die^ evolving phosphorous acid, will 

escape by the door-way, for the current of air imparts eucrgy and power to the 
devouring element. With the simple precaution referred to, rugs or other 
wrappers are unnecessary, and closing crevices and crannies to prevent air 
from entering (the sage recommendation of some persons), equally useless and 
superfluous. In confirmation of this fact, let the following experiment be 
made :— Kindle a slip of paper^so long as it is held in a horizontal position 
its combustion is languid and its progress is slow; but if changed to the verti- 
cal position^ it is forthwith consumed. 



Dot materially affect the thormo meter, a fact which may bt 
mined by applying the phosphorua immediately to its ball. PboS' 
phorized oil, if applied to the skia, is luminous, but imparts do 
heat. When we describe characters by means of a stick of phos- 
phorus on the surface of a board or a sheet of writing paper, 
these traces are not charred, nor do wo discern any evidence 
whatever of an impression of heat, and that the luminous acid 
matter must affect the surface is evident, since, if we use the blue 
w purple p^>er which envelops the sugar loaf, we shall observe 
that the characters impressed are red; acids turning vegetable 
blues to red. The lambent flame which arises from introducing 
heated glass rods into the vapour of ether, [ found insuflicient to 
kindle a stream of hydrogene, though this gas is readily kindled by 
an iron wire one fortieth part of an inch in diameter, heated 
cherry red. Rarely, if ever, does the dilute flame which accom- 
panies the introduction of an ignited coil of platinum wire into the 
vapour of ether, Idndle that vapour, though this flame sometimes 
exceeds two to three inches in length ; indeed, when the ether is 
occasionally kmdied, it is most probably effected by the platinum 
wire which will often epproach a white heat ; this is at least, the 
result of my own personal observation. Flames, therefore, burn 
with various intensities, and some at a very inferior temperatare. 

It is ftirther inferred that " the flame of combustible bodies 
may In all cases be considered as the combustion of an explosive 
mixture of inflammable gas or vapour with air. It cannot be re- 
garded as a mere combasiiun at the surface of contact of the 
inflammable matter. This fact is proved by holding a taper or a 
piece of burning' phosphorus within a fargre^ome, made by the com- 
bustion of alcohol. The flame of the taper or of the phosphorus 
will appear in the centre of the other flame, proving that there is 
oxygene even in its interior part .'" On this last position (though 
(bunded altogether in error,) it may here be remarked that Lord 
Bacon had entertained an opinion on the constitution of flame pre- 
cisely similar to that propounded by Davy, though he afterwards, 
in his " Sylva Sylvarmu," refers to an experiment fatal to his pre- 
vious conclusions, namely that a transverse slip of wood is only 
charred at the exterior edge of the flame. Sir Humphry Davy's 
error consisted in using a " large flame," where the phenomena 
are altogether equivocal and falacious; because in such a case, the 
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flame becomes ragged, diffiise, and among its breaks and chasms, 
atmo^heric air finds a ready entrance. I view flame in an aspect 
altogether different. // is not MoikL In texture it is a film-— 
a luminous bubble inflated with inflammable vapour. This view 
of it was first advocated by myself, contemporaneously with the 
late Mr. 6. O. Sym. My remarks appeared in the Philosophical 
Magazine, and Mr.' Sym's in the Annals of Philosophy ; my results 
were obtained with a plate of glass, and Mr. Sym's with wire 
gauze. If there was' any priority in the case, that priority was in 
my favor, since my view of the structure of flame was in the pos- 
session of the public on the last day of the month (when the Philo* 
sophical Magazine was published), while Mr. Sym's appeared in 
the ^ Annals of Philosophy," on the first of the succeeding month* 
The question is of little consequence, only let £umess be placed 
before favoritism ;* the merit in this case, therefore, to say the 
least of it, is a divided one* 

That flame is a mere film, or entirely superficial, is rendered 
obvious when we press the top of the cone by means of wire gauze 
or glass, for we can thus see its interior structure, and when alco« 
hoi is set on fire in a hollow shell of glass, we obtain the same 
evidence by looking upwards. The interior of the cone is entirely 
filled up with inflammable matter in a state of vapour, subse- 
quently consumed in its transit through the summit of the cone. 
The central figure in the plate, exhibits this &ct in a very striking 
manner, and at the same time illustrates the method I usually adopt 
to prove the structure of flame. Figure Y . shews the conical flame 
produced by igniting a portion of alcohol in a watch glass or 
small capsule ; by introducing into this flame a glass tube, in an 
inclined position, as represented, inflammable vapour will flow 
through it and may be kindled at its upper orifice, while the in« 
sertion of another smaller tube into the secondary flame, as I shall 
venture to call it, will produce a third cone of flame at its summit. 
It is indeed interesting to remark that the phenomena merely, of 

* Thus Mr. Children in his work " on the blow-pipe/' assigns the discovery 
exclusively to Mr. Sym, without the slightest allusion to my name, and Dr. 
Thomson as incessantly harps on the same string.— My remarks amounted to 
these.-— The cone of flame may be considered a film. By pressing the apex with 
a plate of glass, we get an insight into its interior, while transverse sections 
may also be obtained. By allowing alcohol to bum on a piece of glass, slightly 
concave, we asccrtais the form of the base, and diameter of the film of flame. 
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the Safety Lamp, are entirely hostile to the yiew of flame sustaiiied 
by its celebrated inyentory for the flame of the wick disappears 
when* the safety cylinder is filled with the foreign flame of fire 
damp» so that the flame of the lamp does not appear within the 
other flame« In pursuing my experiments, I found that a taper, 
camphor, phosphorus, sulphur, or other inflammable stibstances, 
previously kindled, and introduced into the cone, figure V., 
were as effectually extinguished as if plunged into water. Even 
potassium, though it be igmied in the interior of the cone, exhibits 
no flame whatever ; potassium will become red hot in contact with 
water, under an incumbent atmosphere of carbonic add gas. 
Gunpowder may be introduced into the interior, and remain unex-- 
ploded— less than a wMte heat will kindle gunpowder. I am 
aware that gunpowder is kindled with difficulty by flame, but it 
will be ignited if let fall through the edge of the flame : the plati- 
num spoon, however, which I used in this experiment, had flame 
been solid, ought to have been instantaneously ignited sufficient for 
the inflammation of the gunpowder. Camphor vaporizes in the 
flame, and by its imparting an additional quantity of carbon, 
increases the illuminating power of the alcoholic flame, and this 
h&ng a perfect combustion, no fuliginous matter escapes, as is the 
case with the combustion of camphor per se.* 

If we stretch a thread of platinum wire across the cone of flame, it 
is only ignited at the outer edge, while it remains unignited between. 
In this arrangement, I connected the wire, at both ends, with the 
poles of a galvanic battery, when a brilliant ignition darted through 
its entire extent A slip of paper is only charred and inflamed at 
the exterior edge of the flame. A straw illustrates this very ele- 
gantly, for the straw will be inflamed and burnt through, while 
Uie central portion will remain entirely uncharred, and drop down 
unchanged into the middle of the flame. Phosphorus may be 
vaporized in this flame, but if a stream of common air or oxygene 
be brought into immediate contact with the phosphorus, sustained in 
the interior of the cone, then the phosphorus will emit flame at the 
point of contact. I placed a small chip of phosphorus on a disc in 

* This beautifully illustrates one mode proposed for consuming smoke. 
The smoke from the combustion of common coal in the furnace, after traversing 
the horizontal flue, passes through an iron grating which supports ignited coke, 
and the smoke is thus consumed before it ascends the vertical chimney. 



the oentre of the orifice of a gas pipe ; — the gas was suffered to 
flow, and then kindled — the phosphorus remained flameless— >the 
gas was now turned off, and the pho^homs humt ; but on allowing 
the gas to flow again, the gaa was inflamed, while the phosphorus 
was simultaneously extinguished. Indeed I introduced a small 
tube of glass containing water into the cone, where it was boUedt 
and evaporated, and evidently increased the energy of flame. I 
hence inferred that the time would likely come when water might 
be employed as an article of fuel, and this opinion was given in my 
Lectures at the Surry Institution, in 1819» and in that year pub- 
lished in Newton's '' London Journal of Arts."* 

From my foregoing remarks, it is very evident that flame is a 
mere gossamer tissue, and contains within itself no supporter of 
€<mbustion whatever, in a free form. I consider the phenom^ion 
under common circumstances to be the tranquil exhibition of 
ignited vapour or gas, entering into new chemical arrangements, 
while the continuity of flame, at an uniform temperature, supports 
these continued successive changes. 

The colour presented by certain flames has been pronounced 
expressive of the solid base dissolved in the inflammable material; 
carbon communicates^ to flame whiteness more or less intense, ac- 
cording to quantity, and of which olifiant gas, and the new com- 
bination of carbon and hydrogene obtained from oil gas, by Dal- 
ton, afford Inrilliant examples, when contrasted with the low 
illuminating power of fire damp, or protocarburetted hydrogene. 
Nitrate of strontia dissolved in alcohol supplies a red flame; 
muriates of lime, soda and baryta, various tints oiyeUow or orangef. 
Indeed, muriate of soda, dissolved in alcohol, yields the flame 
which is the illuminating medium in Dr. Brewster's monochro- 
matic lamp. Boracic acid, and nitrate of copper, in alcohol, 
present green flames, and I find that a solution of chlorine, nitric, 
and hydrochloric acids in alcohol, yield blue and party-coloured 
flames. The introduction of solid matter into flames of inferior 



* Subsequent to this it was tried on a large scale, at my suggestion, by Mr. 
Bankes, of Bewdley, in Worcestershire, in the furnace of his steam engine. 
A few years ago, a patent was taken out by a person of the name of Evans, for 
this very application of water to aid combustion ! — by which, it is stated, 
there is a saving of 40 to 50 per cent 



i 11 imii nation cliaracler iniTeasea thdr Nftil, as for lustance, a roil 
of plalinam wire into that of liydrogvw. 

The illuminating power of flanip is altogether irrespeclisi^ 
of |pm|>erature. In it^ ratio of teniperaturp, the flame of hydro- 
^ne is much higher than that of olifiant gas. The Bame of 
lulphttrel of caHxm I have fimnd to exceed in temperatore that of 
almost every other, simple or nacKplosive flame; — sieel wire is 
beautifuUy deflagrated id this flame, forming an cl^;imt experi- 
ment. In the dame of the compound gas blow-pipe, we perceire 
a power almost irresistible. The late Dr. Clarke, of Camlwidg-e, 
informed me he had, in one experiment, do less than an onoce 
weight of platinum in a state of perfect fusion in it. With it I 
succeeded injusir^ the diamond, which seemed to be as completely 
UqMd as a globule of oil, when acted on by a minute stream of air, 
and the Jet of Hanie seemed actually to impress the fused portion 
of the diamond. With this powerftti thong-h dangerous apparatus 
I also melted two emeralds into one limpid mass. The flame, in 
this instrument, however, is probably no/ir/, from the close contact of 
the inflammable matter, and the supporter of combustion.* The 
light produced when this compound flame is forced to play on 
calcined lime or magnesia, is exceedingly tlazzling, indeed altoge- 
ther overpowering, by its splendor. The principle has been made 
subservient to a most valuable purpose, namely — the measurement 
of the base of the triangle in the grand trigonometrical survey of 
the British Isles. Lieutenant Drummond, I believe, first sug- 
gested this application of the intense light, obtained from 
chemical means. In his experiments made in the Tower of Lon- 
don, iL ball of calcined lime, surrounded on all sides with minute 
jets of the flamo of alcohol, were propelled on the central ball of 
quicklime, by oxygeuo, as so many radii, converging towards a 
centre. An officer of the Royal Engineers informed me that this 
light was seen from one of the mountains of Morne, in Ireland, at 
a distance of not less than sixty miles ! For the light-house, and 
night telegraphic signals, this light seems pre-eminently well cal- 



" Slenrine Caodle!," as they nrc called, have thi 
in B BDlutioD of nitre, or tMorate i}f potassa, as r 
Brewatflt's " Edinburgh Journal of Science," som 
tion is more perfect, and the light mora briliiaal. 
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oendbd by mc in Dr. 
ra ago, — the combns- 
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culated-^— the iiitelligence«^lii%ht have reference to its periodic 
duration and repetition. 

The temperature of flame, agreeable to our pfevious remarit^ 
has been assumed to be superior to that of a wkUe heat in solid 
bodies, and the intonation of hydn^^e and other gaseous flames 
in narrow tubes of glass, porcelain, &c, has been- ascribed to 
its ^* being in aU cases an explosive mixture of inflamtnable gdi^ or 
vapour with air.'' We also from the same quarter, read of ** inail^ 
dible explosions," which is, however poetical the expression, > a 
contradiction in terms, and perfectly inoomprehensible. It may bb 
repliedi — '* What's in a name?— a rose by any other name woilld 
smell as sweet" — ^True, it would, but words are the expresaiye 
symbols of thought, and should have a definite and undiangeable 
meaning attached to them. The phenomenon is more satisfius- 
torily explained on the principle of vibrating currents of air enter- 
ing the tube from below. It is evident that the flame is in a stale 
of vibration, and when the tube is heated that vibration iis 
increased, and the intonations become louder andloud^. ^' When 
an attempt," it is stated, ^' is made to pass flame thiough a veQr 
fine mesh of wire gauze of the common temperature^ the gauze cools 
each portion of the elastic matter that passes through it, so as to 
reduce its temperature bdow that degree at which it is luminoas^?* 
This is not yety intelH^^le language;—" coimnon temperatant^' 
seems to belong to the wire-gauze, and flame appears to be de»> 
cribed as *' elastic matter," — ^this is the sense at least- in whidb 1 
understand it At any rate it seems evident that Sir Humphi:)y 
Davy ascribed the curious phenomena of his safety lamp to a 
cooUaag influence or power inherent in the wire gauze. Should a 
specific temperature, therefore, be necessary for the constitution of 
flame, it would be extinguished, or it would cease to be, on a re- 
ductLon of that temperature. This idea of the cooling influence of 
the metallic tissue as explanatory of the phenomena of Sir H. Davy's 
invention, it should be, however, stated, did wd originate with 
Sir H. Davy, but was suggested by a corres|K>ndent in the ** An- 
nals of Philosophy," under the signature ^* Oxoniensis^^' 

The wire gauze can be supposed to cool the flame only in two 
way»— either by radiation or conduction. Though it should be 
granted, causa argumewHy to wire gauze at the '* common tempera- 
ture," it is not quite so evident how red hot wire gauze could cool 
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dsfwn IUiiie» mnd intercept its pMsage, though I have had the 
Sftfetj Lamp red hoi in die passages of the mine* where an ex- 
plodTe atmosphere prevailed. In a very early stage of this 
enquiry, I foond that sieves of pasteboard^ hmrdoihf and muslin^ 
inlercepled flame, and in 1818 proved these facts experimental! j, 
in mj pnhlic lectnres at the Sorry Institotion. These being non- 
eoBdactOfn of caloric, it is evident that the question is reduced to 
tiie ahemative of roilkiftoii, and this in them is not sufficiently 
powerful to account lor the phenomenon. Since that period, I 
had a net work tissue of transparent glass^ and found that this, in 
ly^e manner, intnc^pted flame. I dipped a piece of muslin into a 
sohition of phosphate of ammama^ and having dried it, formed it 
into a Safety Lamp, when it was proved to be as safe, when im- 
mersed into an explosive atmosphere, as one of wire gauze. Sig- 
nor Libri, of Florence, accounts for the phenomena of the Safety 
Lamp <m principles altogether diflerent from those of Sir H. Davy. 
Flame, he observes is repelled by metallic surfeces, and that to a 
certain extent ; if two parallel wires be brought witiiin a specific 
distance, this repulsive void will be maintdned, and flame will 
not pass through. He therefore finds that parallel wires will as 
efieetually intercept flame, as when woven into meshes. Mr. Dil- 
lon's (of Belfest) improvement on the Safety Lamp consists of a 
shield of tak^ forming an external semi-circular attachment, and 
its object Is to prevent the cooling of the lamp by screening it 
from the current of air which flows through the passages of the mine, 
in the process of ventilation ; he has thus shewn that gas may be 
safely burnt in the lamp. It seems, therefore, evident that the 
principle of safety cannot depend on any cooling influence what- 
ever, whether it be connected with conduction or radiation. Ac- 
c<Mrdingly it is found that when the Safety Lamp is newly lighted, 
and is consequently more cool than at other times, it is very apt 
to explode the air of the mine, and will kindle a stream of hydro- 
carbonate, under such circumstances, even when nr folds of wire 
gauze interpose^ while it will not permeate one such fold if the 
lamp be hot* The rarefaction or attenuation of the inflammable and 



* It providentially happens that the " Fire-damp" of mines is among the 
least inflammable of the gases, or, more correctly speaking, the least sus- 
ceptible of inflammation. 
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explosive atmosphere seems to be the real truth of the case.* 
When an explosive atmo^here is condensed, its explosive powers 
are more forcible, and its range more extensively destmctive; on 
the other band, when it is rarefied or attenuated, its violence i» 
proportionably diminished. The heated walls of the wire gauze 
which imprisons the flame, will attenuate the elements of explosion^ 
and they will become feeble in consequence. The Chevalier Aldi- 
m*s fire-proof apparatus, recently introduced, renders altogether 
problematical, if not entirely nugatory, the cooling theory, though 
the repeated objections we brought against it, from theperiod when 
the proposition was first started, had been entirely disr^;ardedw 
Aldini's experiments made at Geneva, and since repeated at the 
Royal Institution, seem to have startled the advocates of the theory 
referred to, and seeing that cloth of amianthus is a non-con- 
ductor ; cooling by conduction, the note that was struck in past 
times, is abandoned, and its cooling influence as a radiator is now 
contended for. The latter is just as powerless as the former. 
Why should Chevalier Aldini's experiments, proving that flame 
would not pass through the meshes of amianthus cloth, make those 
who contend for the cooling theory, more restless than my experi- 
ments with meshes of hair clothe past^foard, ficc. publicly exhibited 
in 1818 ? Their nature is precisely the same-— they are equally 
adverse to the theory that has been indulged in, and so long clung 
to, with remarkable tenacity. The name of Aldini, has however, 
broken the spell of these dreams. My friend. Dr. Wilkinson, of 
Bath, thus writes me. — '^ The Chevalier Aldini has sent me his 
fire-proof dress of asbestos and wire gauze. I have a cap, coat, 
and pantaloons, of asbestos fabric, and have twice exhibited a man 
in Sidney Gardens, walking through an avenue of flame, twenty 
feet in length, and other experiments, evincing the resisting power 
of heat. A portion of asbestos cloth, with meshes considerably 
larger than the wire gauze protectors, resists completely the pas- 
sage of flame, although a bad conductor, and of no great radiating 
power ; this is not reconcilable with Davy's theory. "f 

* I purposely overlook the experiments of Von Grotthus, as not affecting 
this question. 

t Madame Lena Carpenti, of Como, used formerly to weave amianthus 
cloth ; — the amianthine fibres are mixed with flax, cotton, or silk, and thus 
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Sir U. Davy*8 Safety Lamp conmts of a cylmder of wire 
game, simoundiiiga wick supplied widi oil from tiie cistern b^ow ; 
a bent wire, movaUe from without, and passing through the lamp, 
■erves to adjust and trim the wick without the necesrity of un- 
screwing the qrlindrical cage. The cistern is supplied with oil 
through an external pipe, reaching to the bottom, the orifice being 
dosed by a screw nut. Figure 1 represents the aj^pearance of the 
first wire gauze Safe^ Lamp. The gauze contains 625 apertures 
to die square inch, about one-twentieth of an inch square in the 
mesh. It is supplied with a double tx^ from the increased energy 
^ of flame in that direction. Mr. Daniel Ellis, of Bath, applied a 
plapo-convex lens, exterior to the wire gaze, by whidi the miner 
obtains a concentrated supply of light in that particular direction. 
This attachment is certainly an improvement. Mr. J. Roberts 
has further supplied the lamp with reflectors. Roberts has in- 
serted a reflector behind the flame of the widi. — It is concaye, 
but of no precise mathematical cutyc. In particular cases, 
Roberts ^nploys a second concaye reflector extemalfy, raoyable by 
a jointed rod to direct the rays of light, concentrated by the inte- 
rior reflector, in any required direction. Dr. Murray, of Scarbo- 
romgh, informs me, be had some time ago suggested the employ- 
ment of an interior concaye reflector, and, we belieye prior to that 
of Roberts. We can see no possible objection to the employment 
of a parabolic r^ector immediately behind the flame of the lamp, 
and opposite the plano-conyex l^is, the invention of Mr. Effis ; 
and have experimentally proved diat, by these means, the miner 
may receive a vast accession of light compared with his present 
scanty supply. In order to maintain the rarefacticm produced by 
the heated wire gauze, and prevent its bdmg cooled by currents of 
air {especially when used as an exploring lamp,) as well as that 
rushing through the galleries, impelling the flame of the wick 

wovea together. Tfaa cloth is then cast into the fire, which leaves the amian- 
thus untouched, and consumes the rest. Fine specimens of amianthus are 
obtained in Corsica,— soft and silky, and the fibres of considerable length. I 
possess a singularly beautiful specimen from that island. The amianthus is 
previously exposed to the action of steam, in a vessel which will contain 3000 
pounds of the mineral : by these means, the fibres become flexible, and are 
easily separated : — the individual fibre is as fine as silk, and generally about 
four inches long. 
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agaiBst the skies of the cage, when the lamp is in motion, I clothe 
thecagfe from without, with the exception of the space occupied by 
the plano-convex lens, with a sheet of thin transparent talc* it 
is sufficient that the talc be about an inch from the socket into 
which the wire gauze is inserted, to allow the air to enter the lamp, 
and support combustion. This cylinder may reach within a short 
distance of the top of the cylinder, see Figure 2 of the plate. Sir 
Humphry Davy also recommended a small cage formed of platinum 
wire to be sniq>ended from the top; this will glow with an aphlo- 
gistic ligbt, when flame cannot obtain hy excess of ^re-damp, and 
I suggested its more direct and immediate application to the wick, 
forming a zone of metallic rings, a small distance apart, from the 
body of the wick flame, and extending a little above it. This ar- 
rangement will rekbtdle the lamp Mrfaen the confine of danger are 
passed. The mere suspension of tlie platinum cage from the roof, 
as anticipated by l^r H. Davy, will scarcdy effect this purpose. 
This was the only arrangement in the Safety Lamp shewn me in 
the laboratory of the Ro3ral institution, and such were the lamps 
snpj^ed by Mr. Newman, of R^ent-street. 

It is essentially necessary to safety that the wire gauze should 
be of IRON, and not of coppery — a most importsuit precaution, 
which, though I publicly pointed out in the earliest stage of the 
inventi<H\, for many years had been altogether disr^arded, hav*- 
ing only recently received that attention which its paramount 
importance demanded. I found, when using a copper Safety 
Lamp in the mine, that the flame of the fire-damp ^acted with 
great violence on the metres which were consequentiy materially 
weakened, and the foct that a copper Safety Lamp, introduced 
into an explosive atmosphere of hydro-carbonate, finally exhibits 
an ^icaged green flame, is conclusive evidence of its danger. A 
fomiHar example may be obtained by the introduction of such a 
lamp into a vessel containing a supply of the vapour of ether, 
arising from the introduction of a small portion of liquid sulphuric 
ether. I would further recommend, on a galvanic principle, two 



* A mineral product, extremely flexible, thin, and transparent, and obtained 
in great abundance in Siberia. It is used on board Russian ships of war, as a 
substitute for glass,— -not being liable to fracture from the concussion produced 
by the firing of cannon. 
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behs ibmied of ribbons of ;rtiic to the iron wire gmae, to prevMit 
the effect of coroding agents, and the oxydation and decay of 
the metallic tissue. 

When the Safety Lamp is introduced into the workings of a 
mine where the fire-damp prevails, the flame of the wick will 
be perceived to shoot upwards into a lengthened spire>*-— a dilute 
lambent and extraneous flame is then seen to encompass the flame 
of the wick, which last finally disappears, and the cag^ is then 
entirely possessed of this foreign flame, which flutters for a while— 
and if there be an excess of fire damp, soon expires in a feeble gleam. 
Such are the phenomena which invest the Safety Lamp in the 
fiery wastes of the coal mine. The presence of fire damp, in 
mines, is indicated by what the miner calls the ** candle-top." 
When the apex of the flame is bluCy the fire-damp prevails, and 
the length of this blue smnmit determines the comparative danger. 
This blue flame begins to dance on the other flame prior to an 
explosion. It is worthy of remark, that such parts of a mine as 
cannot be entered without imminent risk when add, cease to be 
dangerous when warm. The miner, therefore, enters the place 
without a Hghtf and falls to work ; when by his laborious opera- 
tions the waste becomes heated, he introduces his candle, and as 
soon as the place from any cause, such as intermission from 
labour, is suffered to cool, the blue top makes its appearance, and 
warns the miner of his danger. All these circumstances, taken 
in connexion with what has already been advanced, shew clearly 
that the cooling influence has a problematical existence. Many 
years ago, I proposed a Safety Urn for consuming the fire- 
damp on Ihe spot, without risk or danger, and the more I reflect 
on the conditions of safety, the firmer are my convictions of its 
efficacy. Heated air, steam, or a mixture of carbonic eudd gas, or 
azote, disarm an explosive mixture of fire-damp and atmospheric 
air of its violence, — all these advantages are secured in the 
« Safety Urn.;' 

That the Safety Lamp of Sir H. Davy is under proper circum- 
stances and precautions — ^what it purports to be, a Scffety Lamp — 
there can be no doubt Perhaps the severest test to which the 
invention was ever subjected was in an experiment instituted by 
myself. While the fire-damp, in the mine, was burning in the 
cylinder, I projected against it a considerable quantity of lyco- 
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podium, a highly inflammable powder, which, however, simply 
flashed in the cage.* The miner complains of the feeble light it 
yields, and it must be admitted there is much cause for complaint ; 
it is even to be feared that he may sometimes, in reckless hardi- 
hood, be inclined to play the fool on the brink of destruction, by 
discarding the safety provided for him, in unscrewing the cylinder 
from its socket. 

A comparative estimate of the number of explosions and loss 
of life, in the British collieries, for the ten years preceding the 
invention of Davy*s Safety Lamp and the ten years succeeding 
that period, we regret to say, is disadvantageous to the latter. 
From 1805 to 1816 there were nine explosions, accompanied with 
a loss of life amounting to 284 ; and from 1817 to 1828 the num- 
ber of explosions amounted to nineteen, and the loss of life 360, 
being an excess since the invention, of ten explosions and seventy- 
six lives, and we doubt that the catalogue, if extended to the 
present period, would be yet more eventful, — ^witness the loss in 
the " Crofl Pit,*' at Whitehaven, and numerous others. We are 
certainly afraid that confidence in this invention has imprudently 
relaxed a proper attention to ventilation ; but, it must be granted, 
that the inventor is not chargeable with any abuse to which the 
invention may give rise. It was never intended to be a substitute 
for ventilation, and if this last be neglected, the inventor must 
not bear the blame.f It should be observed that the danger in 
mining is now increased from a variety of causes. Old workings 
can be explored, and excavations extended incomparably &rther, 
than could be done before, — so that if ventilation be neglected, or 
only regarded as a subordinate affair, while the safety which 
scientific skill has provided, is discarded or despised through 
ignorance, or a bold and criminal defiance of danger, it is evident 
the amount of danger and destruction must be fearfully enhanced* 
To the causes of accident, where the Safety Lamp is in general 
use, (it is in vain to deny that explosions have occurred with it), 

* The seed of the lycopodiurn clavatum or club-moss. 

f The excellent papers of Menzies on Ventilation have not met with the 
attention they deserve. The insulation of the coal field, as proposed by Mr. 
James Ryan, is perhaps too expensive for general adoption, though the plan 
seems to be one which promises to be very serviceable. 
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niUMt b«* added the imiurrimmate employment of copper and m 
Safety Lamps, and the mere occasional use of the lamp— 4bi 
instance — as an exploring^ lamp : — ^The catastrophe in the Jvmm 
Colliery, wherein fifty lives were lost, affords an unhappy ilhn- 
tration of the danger attendant on an occasknal employment of 
the lamp. It appears that the workmen, without any pretion 
indication, during the operations of mining, came unezpededly 
on what might be caUed a natural gazometer of fire-damp, wlieR 
it may have been pent up for ages. The lamp, newly E^kied^ and 
carried into wastes charged with an inflammable atmosphere, migfat 
kindle that atmosphere, on the principle already suggpested, in 
consequence of its coolness. When we traverse the avenues of a 
mine, the current of air will impel the flame towards the side of 
the cylinder, and the wire gauze meshes being acted on by this 
impulsion of flame, as by a blowpipe, (rendered still more intense 
if an explosive atmosphere prevails), would soon ignite the tianie 
of iron wire sufficiently high to kindle the external atmosphere of 
the mine, if, indeed, it did not altogether fuse the meshes at the 
point of contact, and liberate the imprisoned flame. It is qmte 
true that iron wire, even red hot, is insufficient to kindle fire- 
damp ; but it is equally true that iron wire, at a whiie heat^ will 
<>ffect its inflammation, as is proved to have been sometimes the 
case, even in the i^rks elicited from the ''steel mill" in use pre- 
vious to the invention of the Safety Lamp, and employed to yield 
a precarious light, in re-establishing the arrangements of ven- 
tilation destroyed by an explosion of fire-damp. The sparks 
emitted by this collision of flint and steel, flying off in a state of 
high incandescence, occasionally kindled the explosive air. The 
cylinder of talc, recommended, entirely prevents this impulsion of 
flame, as currents do not affect it, the flame remaining always 
upright and steady. 

Enough, perhaps, has been advanced to prove that whatever 
may be the cause of the phenomena of the Safety Lamp, and they 
are curious and interesting, a pre-supposed cooling influence will 
not solve the problem of these wonders. It is proved that the 
lamp is most dangerous when most cool, and, on the contrary, is 
entirely safe when it is hot. It will surely scarce be contended 
that the wire gauze is either a better conductor or a better radial- 
tor, or will cool flame more efficiently, or more rapidly, when that 
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gauze is red hoi, than when it is at " the oommon temperatme ?" 
I haye used the lamp in ezphwiye atmospheres in die mine, when 
RED HOTy and the resolt proved its entire safety ; I even 
carried it about with me when exploring the wastes. A coal 
proprietor, in Yorkshire, assured me that his workmen have 
repeatedly wori^ed when their lamp was red hot, and continued 
so ; the red hot wire will not kindle the fire-damp, and the only 
danger arises from particles of coal being blown against it, — sudi 
particleB being thereby kindled, and becoming a medium of 
danger^ — diis source of hazard is also entirely obviated by the 
talc The chief and almost exclusive experiment adduced to 
proive that the metal must needs exert a cooling influence, is that 
of bringing a coil of platinum wire, with an extremely fine mesh 
ot opening, over a fibre of cotton, coated with wax, forming a 
nnnmtnre v^ax taper ; — ^when this is inflamed, and the platinum 
wire is addy the flame, it is stated, is extinguished, but if the 
metallic coil be red hot, the flame passes through. Not to men- 
tion the extremely equivocal nature of this experiment, it must not 
be forgotten, that platinum is one of the worst metallic conductors 
of caloric, and the coil would be little else than an insulated 
orifice, whfle ignited platinum would readily kindle the inflam- 
mable matter that passes through the coil, independent altogether 
of the transit of flame, which, in such a case as this, it would be 
extremely difficult to detect. In viewing the foreign flame of 
fire-damp, resulting from the explosive elements which have 
entered the cylinder, we perceive that it not only does not explode 
within its prison walls, but exhibits the phenomenon of a quiet 
or tranquil flame, more dilute, and otherwise var3ruig very mate- 
rially in its aspect from the flame of simple hydrocarbonate or fire- 
damp. It must, therefore, it is natural to suppose, have under- 
gone some considerable change, from an admixture of other gaseous 
matter. 

It has been experimentally proved, that if an explosive atmos- 
phere of fire-damp ; that is, when the atmospheric air becomes 
impregnated with fire-damp to the amount of from one-seventh to 
one-twelfth of its volume, for these limits embrace the explosive 
range, and tiiis again be mixed with a small proportional of azote 
(nitrc^ne), or carbonic acid gas, the mixture will, in such a case, 
NOT EXPLODE, but buTU with a tranquil flame, having all the cha- 

D 
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racters of tliat in the Safety Lamp. It must be remembered that 
the products of the combustion of the wick are azoie and car^omc 
add gas, and they have no way of escape except thriNigh tiie 
meshes by which the explosive atmosphere enters. The elemelkifs 
of explosion, therefore, will be partially mixed with these ptodacts, 
and hence cease to be explosive. The continued tranquil flame 
which plays within the cage, is thus accounted for. If to fliis be 
added the attenuation of the gaseous mixture by the heated widk 
which confine it, and both be combined with the drcomstaiKe 
that flame is 9.filmy and such a texture necessary to its exitftence, 
there seems to be little difficulty in solving the appearances of tile 
Safety Lamp. It is evident that flame could not pass through a 
minute orifice, and preserve its texture, as it would become $o6d^ 
and therefore cease to be. 

Believing that the phenomena of Sir H. Davy's invention 
were connected with these principles, I constructed a Safety Lamp, 
represented in figure IIL of the plate. It consisted of an air-tight 
lamp, composed of thick concentric cylinders of glass, separated 
by a very narrow partition to contain water, which, by its evajionu- 
tion at top, preserved the inner cylinder at a uniform temperature. 
Minute orifices at the summit of the dome permitted tlie excess of 
heated air to escape. The air destined to support the wick-flame 
entered a circular orifice in the centre at the base. An inverted 
bell over the fiame of the wick received part of the products of com- 
bustion which were conveyed by a prolonged tube, and re-entered 
from below, mingling vdth the explosive atmosphere. The phe- 
nomena presented by this invention were instructive, for th^ were 
precisely similar to those of the Safety Lamp of Sir H. Davy, and 
when the fire-damp exceeded in quantity, the gaseous products col- 
lected by the bell predominated in a ratio to cause the immediate 
extinction of the flame within the lamp. This Safety Lamp k 
figured and described in the '' Edinburgh Philosophical Joumad" 
for 1824. It is the basis or ground-work of a, patent taken out by 
Mr. Richard Witty for a furnace by which the smoke separated 
firom the coal, is reconsumed, in passing again through the coal 
thus deprived of its gaseous matter, (then necessarily in the state 
of ignited coke). By the evidence of the Earl of Shrewsbury, 
these furnaces have succeeded at Alton Towers. It should be ob- 
served that Mr. Witty witnessed the experiments I made with itiy 
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inventioiiy and he has admitted to a certain extent, that the hints, 
^p. werp received from me. If farther evidence were requisite 
tl|a^ ^ metsiUic tissae is by no means necessary for these effects, 
the phenomenon of the ** gstsang of lace,' ' amply supplies it In this 
case th^ lace is passed over the flame of coal gas, which has no 
inore power to pass through the meshes, than if the lace were 
cofnppse^ of metallic threads. 

Thp production of fire-damp in mines has been ascribed by 
Mr. liongmire and Sir H. Davy to the k^h pressure under which 
oofd lia9 been originally formed. This deduction is the language 
Qf hypp^eris and mere asnunption, not the calm inference of sober 
philoBopliy. Of the circumstances under which coal has been 
turned, we know nothing certain, — the tadt deference of silence is 
more wordiy of legitimate science than the unwarrantable dog- 
matism of bold and forward qieculation. When coal is amply 
jbrokeii under water, bubbles of proto-carburetted hydrogene, or 
fire-d^mp, are liberated. D^kes^ faadts^ or trcmhles, as they are 
turned by the miner, dislocate the seam of coal, depressing 
or raising the stratum ; these vertical walls fracture the coal or 
arambleit to fragments, and the mechanical agoicy of such basaltic or 
whmstone dykes, seems sufficiently to account for the liberation 
of the fire-damp. As we s^proadi them, the coal loses more and 
more its integrity, fire-damp is dis^igaged abundantly in dieir 
vicuufy, and on the miner's s^proach to them. The fire-damp is 
discliaiged into the mine by what are called ** blowers" in die 
aeam of opaL In several instances, this disengagement has 
oontinned, without intermission, for many years. It sometimes 
ianes widi considerable force, distincdy audible, whfle, at other 
limesy die fire-damp insinuates itself more silendy and slowly. 
From its superior specific levity it ascoids to the roo( and there 
floats incombent on the atmoq>heric air, or lodges in cavities^ 
Ileie we have witnessed it ignited, forming a dieet of flame 
loDing for and wide, but the experiment is not widioat its attend- 
ant danger as it might conduct, by some train, to dangeioas 
racenes, charged with explosive air. The currents in the air 
paangBB, in the process oi ventilation, though dicr tend to sweep 
awa^ the stagnant atmosphere and renew the air, may also mii^le 
the ingredients whirh ron53titute the elements of e^ilosion, confoim- 
aUe to the limits we have already stated. The pictuie of miseiy and 
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distress consequent on these terrible subterranean ezplosioiis, camwt 
be better described than in the language of tibe Rey. Mr. 
Hodson, who drew up a luminous statement of the accident wlaA 
occurred at << Felling Colliery," near Newcastle. This mine 
exploded on the 12th of May, 1813, and swept away ninety-eig^ 
human beings, under circumstances the most awful, into the abjw 
of eternity : notwithstanding, redoubled efforts on the part of 4ie 
proprietors, and all the talent and experience of the engineer 
enlisted into the cause, a second explosion occurred, after an 
interval of only nine months, aud added thirty-seven to tiie 
frightful catalogue. ^^When," says Mr. Hodson, *'the air has 
proceeded lazily through the workings of the mine, and an exten- 
sive magazine of fire-damp becomes ignited in the wastes^ 
then the whole mine is instantly fiUed with the most briDiast 
lightning ; the expanded fluid drives before it a roaring whirlwind 
of flame, which tears up every thing in its progress, scordiing some 
of the miners to a cinder, and bur3dng others under enoimoiB 
heaps of ruins shaken from the roof; then, thundering to ih» 
shafts, it wastes its volcanic fury in a discharge of thick clouds of 
coal-dust, stones, timber, and not unfrequently, the limbs of men 
and horses." But this, though apparently the most terrible, is by 
no means the only efiect of these subterranean thunderings. *< Tlie 
stoppings and trap-doors of the mine being blown to atoms by die 
violence of the explosion, and the ventilation being destroyed, those 
who happen to survive the fire-damp, fall immediate sacrifices to 
the ^* after-damp,"* which fills up the chasm occasioned by the 
explosion." 

It was on the principle of the low specific gravity of the fire- 
damp that I suggested a Safety Lamp, interesting, I believe^ as 
being the Jlrst mechanical invention ever proposed. About this 
period Sir H. Davy contemplated illuminating the mine with the 
l^ht of phosphorus. Indeed, I was among the earliest in the field, 
and received two votes of thanks for my researches and commu- 
nications, from << the society for the prevention of accidents in 
coal mines." My little work which contained the proposition was 
before the public in June, 1815, and Mr. Hodson, in the contro- 



♦ The carbonic acid gas of modern chemistry, or the " choke-damp" or 
" black-damp" of the miner. 
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verajr which ensaed on the question of priority of invention in 
Safety Lamps for mines, states, that Sir H. Dayy himself had 
pdmted Ofot to him tiie passage in my littie volume which contained 
th« soggestion. Sir H. Davy says, in a letter to me, ** I dis- 
eofvered my principle of security about the middle of October, 
1815, and had applied it to lamps with apertures and tubes 
before the end of that month. About the middle of November I 
^Bscovered tiie power of wire gauze to prevent explosion, and the 
wire gaoze Safety Lamp was perfected toward the close of that 
nHmdu'* It should be remarked that some years previous to this 
period, Mr. ftnithson Tennant and Dr. WoUaston had discovered 
Hiat capillary tubes intercepted explosion. Figure IV. in the plate 
wfll affi>rd a tolerable idea of the plan suggested by me. I quote 
die precise words proposed in the first edition, p. 154 of my 
''KlementB of Chemical Science," bearing date June 20, 1815, 
^ a pipe might supply an air-tight lamp from the mine itself; and 
die orifice of the tube receive its supply from the stratum of air 
com^gutmu to ^ floor : the carburetted hydrogene, being Ugkter 
and OMcerndSmgy would occupy the roof, and thus could not enter 
the tnibe.** This language is so clear and unequivocal that no 
aopliislij can pervert its meaning, or evade its force. The late 
JDr. J<dui Murray, of Edinburgh, read a paper before the Royal 
Society of tiiat city, in November, 1815, with a similar proposal, 
ecmaeqiiendy, he was anticipated by me, no less than^rr mtomAs^ 
and witlioot at all impugning the int^rity of that meritorious 
indmdna], I may here state, that my littie work had heesi, flmr 
wmmih$ before this paper was read, in the possession of several of 
mj friends in Edinburgh, though it does not at all foOow tiuu Dr. 
Murray had either seen or heard of it. One tiling is certain, — the 
priority deariy belongs to me ; Sir H. Davy and others tiioaght so, 
and expressed themselves to that effect. As to a simple typo- 
graphical error, it cannot be supposed to weaken its force. If 
language has any meaning none can mistake tiie descr^don 1 have 
qiioCedl verbattm* 

1 bare waived all allusion to the history of tiie c milni i c i sj ! 
widdt ensued, as to the merit of priority in tiie Safetr Lamp of 
Sr H. Davy, considering as 1 do that of the late lamented Daiy 
to be dear and undisputed. Dr. Rod ClannT aawited a dais to 
priority ; hot what connexion there is betwm the wire paa^ 
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Safety Lamp and Clanny's Steam Safety Lamp, I have yet W 
learn. The only one of Mr. George Stephenson's inyention I eftt 
saw, was in the laboratory of the Royal Institution. ThAt it mi 
altogether unsafe^ there coald not be the shadow of a donbt, v^ 
to my view bore no resemblance whatever to the Safety Lamp qf 
Davy. Clanny's original lamp, was pointed out to me in die 
model room of the " Society of Arts." 

The phenomena of the Safety Lamp are not the leaat interest- 
ing of the wonders of modern science. A cage of open net work 
in a tissue of wire, holding flame, as it were, bound and impp- 
soned within its cell. The resourses of mecbaiiical ing^idly 
having been exhausted, the terrified miner, in consternation anfl 
alarm, petitioned the chemical philosopher to see whether tb^se 
subterranean thunders could not be subdued by some agency ob- 
tained from the marvellous stores of his science. Pboyidbvce 
pointed to Sir H. Davy, — the beautiful problem was solved, and 
the rejoicing miner saw at length his enemy in prison— shorn of 
his strength, and fluttering in a cage.* When we traverse t)ie 
lone and dreary chambers and subterranean avenues of the min^, 
guided safely by means so slender, the mind is impressed with a 
powerful conflict of feeling, and the wonder is enhanced as we 
view the elements of explosive flame flashing in harmless corusca- 
tions within the circle which the wand of science has described 
around the angel of death. 

* Let it not be supposed that I have written these pages save in the cha- 
racter of one contending for the truth, — ^this is my " Achilles." Even Mr. 
Faraday is at this moment impugning Sir H. Davy's views of electricity, in 
reference to the experiments he made on the Torpedo at Genoa, and which I 
had already considered to be altogether equivocal and unsatisfactory. 
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